UNCLASSIFIED 


AD  NUMBER 

AD448486 

NEW  LIMITATION  CHANGE 
TO 

Approved  for  public  release,  distribution 
unlimited 


FROM 

Distribution  authorized  to  U.S.  Gov't, 
agencies  and  their  contractors; 
Administrative/Operational  Use;  AUG  1964. 
Other  requests  shall  be  referred  to 
Commanding  Officer,  U.S.  Army  Biological 
Laboratories,  Attn:  Technical  Releases 
Branch,  TID,  Fort  Detrick,  Frederick,  MD 

AUTHORITY 

BORL  D/A  ltr ,  27  Sep  1971 


THIS  PAGE  IS  UNCLASSIFIED 


UNCLASSIFIED 

ad  4  4  84  8  6 

DEFENSE  DOCUMENTATION  CENTER 

FOR 

SCIENTIFIC  AND  TECHNICAL  INFORMATION 

CAMERON  STATION.  ALEXANDRIA.  VIRGINIA 


UNCLASSIFIED 


HOTICX:  When  government  or  other  drawings,  sped- 
fleatione  or  other  data  are  uaed  for  any  purpose 
other  than  in  connection  with  a  definitely  related 
government  procurement  operation,  the  U.  8* 
Government  thereby  incurs  no  responsibility,  nor  any 
oblige,  ^on  whatsoever;  and  the  fact  that  the  Govern - 
sent  j*«y  have  formulated,  furnished,  or  in  any  may 
supplied  the  said  drawings,  specifications,  or  other 
data  is  not  to  be  regarded  by  implication  or  other¬ 
wise  as  in  any  manner  licensing  the  holder  or  any 
other  person  or  corporation,  or  conveying  any  rights 
or  permission  to  manufacture,  use  or  sell  any 
patented  invention  that  may  in  any  way  be  related 
thereto. 


<4  TECHNICAL  MANUSCRIPT  147 


IMMUNIZATION  AGAINST 
COCCIDIOIDOMYCOSIS  BY  KILLED  CELL 
9  AND  CELL  FRACTION  VACCINES 


AUGUST  1964 


D  DC 


OOC-IRA  C 


UNITED  STATES  ARMY 
BIOLOGICAL  LABORATORIES 
FORT  DETRICK 


U.S.  ARMY  BIOLOGICAL  LABORATORIES 
Fort  Detrick,  Frederick,  Maryland 


TECHNICAL  MANUSCRIPT  147 


IMMUNIZATION  AGAINST  COCCIDIOIDOMYCOSIS  BY  KILLED  CELL 
AND  CELL  FRACTION  VACCINES 


James  T.  Sineki 
“E.  P.  Lowe 
Norman  F.  Conant 
Hilliard  F.  Hardin 
M.  W.  Castleberry 
John  G.  Ray,  Jr. 


Special  Operations  Division 
DIRECTOR  OF  DEVELOPMENT 


Project  1C522301A059 


August  196k 


1 


2 


This  publication  or  any  portion  thereof  may  not 
be  reproduced  without  specific  authorization  from 
the  Commanding  Officer,  U.  S.  Army  Biological 
Laboratories,  ATTN:  Technical  Releases  Branch, 
Technical  Information  Division,  Fort  Detrick, 
Frederick,  Maryland.  21701.  However,  DDC  is 
authorized  to  reproduce  the  publication  for  U.  S. 
Government  purposes. 

The  information  in  this  publication  has  not  been 
cleared  for  release  to  the  public. 


DDC  AVAILABILITY  NOTICE 


Qualified  requestors  may  obtain  copies  of  this 
publication  directly  from  DDC. 

Foreign  announcement  and  dissemination  of  this 
publication  by  DDC  is  limited. 


ACKNOWLEDGMENTS 


The  authors  wish  to  acknowledge  the  assistance  of  J.  B.  Del  Favero, 
Robert  W.  Kerpsack,  and  S.  P.  Pakes,  who  examined  the  pathologic  material, 
and  George  W.  McBride  and  Lewis  A.  Rice,  who  developed  the  generator  used 
for  aerosol  immunization. 


ABSTRACT 


Aerosol  and  subcutaneous  vaccination  with  killed  arthrospores  and  sub¬ 
cutaneous  vaccination  using  a  boivin-type  fraction  were  compared  for  their 
efficacy  in  protecting  rhesus  monkeys  against  lethal  aerosol  challenge 
w-t  th  C.  immitls.  Complete  protection  against  lethal  challenge  vas  produced 
in  the  six  monkeys  subcutaneously  vaccinsted  with  killed  arthrospores. 

Four  of  the  six  monkeys  In  each  of  the  other  lnmunlsed  groups  also  survived. 
Only  two  of  the  six  challenged  controls  survived.  All  animals  were  Infected 
as  a  result  of  challenge.  No  dissemination  vas  observed  In  animals  Immu¬ 
nised  with  the  bolvln-type  fraction.  The  skin  test  reaction  may  be  useful 
in  detecting  a  response  to  inmunlzation,  but  thus  far  the  agar  gel  precipi¬ 
tin  and  CF  reactions  have  not  proved  useful  In  detecting  resistance  to 
Infection. 


I.  INTRODUCTION 


Immunization  against  experimental  coccidioidomycosis  began  with  the  use 
of  a  killed,  whole-cell  antigen.  Negroni  and  Bonfliglioli1  investigated 
the  immune  response  in  guinea  pigs  using  dead  material.  Vogel  apd  co¬ 
workers2  at  Duke  University  found  that  intramuscular  immunization  with  a 
killed  spherule-endospore  suspension  increased  resistance  of  guinea  pigs  to 
pulmonary  infection.  The  disease  not  only  occurred  less  frequently  but  was 
less  severe  in  the  immunized  than  in  the  non-immunized  control  animals, 
Friedman2*4  later  reported  that  killed  arthrospore  vaccines  administered 
subcutaneously  protected  mice  against  lethal  disease  but  not  against  infec¬ 
tion  with  Coccidioldes  immitis.  In  the  latter  experiments  the  challenge 
dose  was  administered  intraperitoneally. 

After  Pappagianis  and  co-workers*  observed  that  respiratory  exposure 
appeared  to  be  a  more  severe  test  of  immunized  anima3 r  than  challenge  by 
parenteral  inoculation,  Levine*  adopted  intranasal  instillation  as  the 
method  of  challenge.  Killed  arthrospores,  mycelial  and  spherule  antigens 
introduced  Intramuscularly  into  mice  all  protected  against  lethal  Intranasal 
challenge.  Mice  that  received  the  spherule-endospore  vaccine  appeared  to 
have  infections  that  were  milder  than  mice  Immunised  with  other  test 
vaccines. 

Extending  his  studies  to  larger  animals,  Levine 1  tested  the  efficacy  of 
killed  spherule  vaccine  in  cynomolgua  monkeys  challenged  with  200  air-borne 
organisms.  A  total  dose  of  9  milligrams  (dry  weight)  of  vaccine  was  used 
for  immunizations  that  were  given  alternately  subcutaneously  and  intramuscu¬ 
larly  at  1,  11,  20,  and  Jk  days.  The  animals  developed  a  limited  delayed 
hypersensitivity  to  coccidioidin  after  immunization.  This  response  was  seen 
as  a  mild  induration  and  erythema  at  2k  hours.  Survival  ratios  after  re¬ 
spiratory  challenge  were  high  in  the  vaccinated  group  and  relatively  low  in 
the  non-vaccinated  control  group.  The  establishment  of  infection  was  not 
prevented  in  either  group  and  the  benefit  derived  from  immunization  appeared 
to  be  chiefly  the  prevention  of  fatal  disease. 

The  killed  whole-cell  vaccines  thus  afforded  partial  but  not  complete 
protection  against  coccidioidomycosis  in  both  large  and  small  animals.  Their 
action  was  to  reduce  mortality  rather  than  to  prevent  infection  entirely. 
Moreover,  the  intact-cell  antigens  had  objectional  side  effects. T  They 
were  slowly  absorbed;  often  nodules  and  sometimes  necrosis  developed  at  the 
site  of  inoculation. 

Hampson,2  working  with  Conant,  had  also  obtained  similar  results  with 
killed  intact-cell  vaccines.  Therefore,  cell  components  of  C.  immitis  were 
investigated  in  the  hope  that  through  isolation  and  purification  of  the 
active  principle,  protective  capacity  of  vaccines  could  be  increased  and 
undesirable  side  effects  reduced.  Several  immunologic ally  active  fractions 
obtained  in  chemical  extraction  studies  have  afforded  small  animals  protec¬ 
tion  comparable  to  that  of  killed  whole-cell  vaccines. 
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The  purpose  of  this  investigation  was  to  test  a  killed,  intact-cell  an¬ 
tigen  and  a  highly  active,  cell-fraction  antigen  for  the  protection  they 
afforded  when  given  subcutaneously.  The  immunizing  capacity  of  the  killed, 
intact-ce]l  antigen  given  subcutaneously  was  also  compared  with  that  of  the 
same  antigen  given  as  an  aerosol.  The  monkey  was  selected  as  the  test  ani¬ 
mal.  This  report  describes  the  results  of  immunization  with  the  whole-cell 
and  fractional  vaccines  against  lethal  challenge. 


II.  MATERIALS  AND  METHODS 


Twenty-nine  monkeys,  Macaca  mulatta,  of  both  sexes,  weighing  five  to 
seven  pounds,  were  used  for  this  investigation.*  These  animals  were  divided 
into  four  groups  of  six  animals  each  and  one  group  of  five  animals.  The 
groups  contained  animals  that  were  (a)  aerosol-immunized  with  dead  C.  immi- 
tis  arthrospores  and  subsequently  challenged,  (b)  aerosol-immunized  with 
dead  arthrospores  and  not  challenged,  (c)  subcutaneously  immunized  with 
dead  C.  immitis  arthrospores  and  challenged,  (d)  subcutaneously  immunized 
with  a  boivin-type  C.  immitis  cell  fraction  and  challenged,  and  (e)  non- 
immunized  and  subsequently  challenged. 

Arthrospores  were  produced  by  growing  C.  immitis  strain  Silviera  on 
Sabouraud's  medium  in  six-inch  Petri  dishes  at  34°C  and  95  per  cent  rela¬ 
tive  humidity  ’or  at  least  two  weeks.  After  good  growth  had  been  obtained, 
the  temperature  was  increased  to  40°  to  45°C  and  the  relative  humidity  was 
reduced.  This  low  relative  humidity  fluctuated,  but  was  usually  below  20 
per  cent.  The  agar  was  allowed  to  dry  completely.  The  arthrospores  were 
then  harvested  by  vacuum  and  collected  in  a  paper  extraction  thimble.  After 
harvesting,  the  arthrospore  product  was  placed  in  a  desicator  with  calcium 
chloride  to  remove  any  residual  moisture.  To  obtain  a  near-uniparticulate 
product,  the  harvested  arthrospores  were  sifted  through  a  No.  40  (openings 
420  microns)  TJ.  S.  Standard  Sieve  'Series  wire  mesh  screen.  The  resultant 
product  was  essentially  uniparticulate,  the  particles  having  a  mass  median 
diameter  of  approximately  five  microns.  This  dry  product  was  sealed  in 
glass  jars  and  stored  at  4°C.  For  immunization,  arthrospores  were  placed 
in  0.5  per  cent  formaldehyde  for  several  days  at  room  temperature,  thor¬ 
oughly  washed,  dried,  and  examined  for  viability.  Any  clumps  that  resulted 
from  these  treatments  were  broken,  and  the  final  killed  product  was  again 
essentially  uniparticulate  with  a  mass  median  diameter  of  approximately 
five  microns. 


*  In  conducting  the  research  reported  here,  ‘the  investigators  adhered 
to  "Principles  of  Laboratory  Animal  Care"  as  established  by  the  Na¬ 
tional  Society  for  Medical  Research. 
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Dried  killed  arthrospores  were  used  in  the  immunization  as  an  aerosol 
in  a  small  plastic  box  of  60-liter  capacity  (Figure  l).  The  box  was  fitted 
with  four  ports,  two  on  each  side,  that  allowed  the  heads  of  the  monkeys 
to  be  inserted  from  a  prone  position.  These  openings  were  covered  by  rubber 
dam  material.  The  animals  were  immobilized  by  small  straight- jackets.  A 
bacterial  air  filter  equalized  air  pressure  and  helped  contain  the  aerosol 
as  much  as  possible.  The  spores  were  aerosolized  into  the  box  with  com¬ 
pressed  air  from  a  small  hopper  with  a  rotating  brush.  The  brush  dispersed 
the  spores  into  the  air  space  of  the  hopper,  and  then  the  compressed  air 
forced  these  air-borne  spores  into  the  aerosol  box.  The  aerosol  dose  of 
dead  spores  that  each  monkey  inhaled  was  calculated  from  their  average  lung 
capacity,  their  breathing  rate,  and  the  concentration  of  spores  as  an  aero¬ 
sol  in  the  box.  The  latter  was  calculated  from  the  efficiency  of  the  dis¬ 
seminating  device  (50  per  cent  efficiency),  the  size  of  the  box,  and  the 
estimated  number  of  spores  actually  disseminated.  The  spores  were  aerosol¬ 
ized  for  a  20-second  period  every  three  minutes.  The  animals  were  exposed 
for  a  total  of  ten  minutes  for  each  immunization.  The  calculated  inhaled 
aerosol  immunization  dose  per  monkey  was  eight  milligrams.  The  Immunizing 
dose  was  larger  than  that  used  by  Levine7  because  rhesus  monkeys  were  used. 
Each  monkey  received  three  separate  immunizations  spaced  at  0,  2,  and  7 
weeks  for  a  24-milligram  calculated  inhaled  dose. 

For  subcutaneous  immunization,  the  killed  arthrospore  product  was 
weighed  and  suspended  in  saline.  Each  animal  received  an  immunizing  dose 
of  eight  milligrams  inoculated  into  the  lateral  or  medial  surface  of  the 
thigh.  Three  immunizing  doses  at  different  times  were  given  for  a  total  of 

24  ml 1 H grams . 

The  boivin-type  C.  immitls  antigen  was  prepared  from  killed  arthrospores 
of  the  same  batch  that  was  used  for  other  immunizations.  The  spores  were 
(a)  treated  with  acetone  to  remove  the  soluble  toxic  or  inhibitozy  fats,  (b) 
treated  with  pyridine  to  remove  the  inert  polysaccharides  and  proteins,  (c) 
vibrated  with  glass  beads  in  a  Waring  blendor,  and  (d)  centrifuged  at  30,000 
rpm  for  30  minutes.  The  resultant  sediment,  designated  boivin  fraction  HI  9 
was  combined  with  pertussis  vaccine.  Three  separate  subcutaneous  immunizing 
doses  of  eight  milligrams  each  were  given  with  this  material. 

To  prevent  any  inadvertent  immunizations  of  the  control  animals  by  an 
aerosol  of  dead  arthrospores  in  the  environment,  they  were  housed  in  another 
building  until  immunization  of  other  animals  had  been  completed. 

The  animals  were  challenged  25  days  after  the  last  immunization.  The 
method  used  for  aerosol  challenge  has  been  previously  described.10 

All  animals,  including  the  non -immunized  controls,  were  skin-tested  with 
undiluted  coccidioidin  before  immunization.  The  coccidioidin  used  was  pro¬ 
duced  in  this  laboratory  according  to  the  method  of  Smith.11  Five  strains  of 
of  C.  immitis  were  used,  including  Silviera,  Cash,  and  M-ll  strains.  The 


Figure  1 


Aerosol  Immunization  Chamber  with  Disseminating  Apparatus. 
(FD  Neg  C-6771) 


a  Indicates  exposure  port;  b,  bacterial  air  filter; 
c,  air  pump;  d,  hopper;  and  e,  aerosol  delivery  tube. 


9 


coccidioidin  was  compared  with  a  standard  lot  supplied  by  Dr.  Smith  and 
appeared  slightly  stronger  than  the  standard  Smith  lot.  Skin  tests  were 
given  13  days  after  the  first  immunization,  12  days  after  the  second  immu¬ 
nization,  T  days  after  the  third,  and  69  days  after  challenge.  Skin  tests 
were  given  in  the  upper  eyelid,  using  0.1  milliliter  of  coccidioidin. 
Readings  were  made  2  k  and  1+8  hours  after  injection.  Both  erythema  and  in¬ 
duration  were  considered  in  all  readings.  The  monkeys  were  also  skin- 
tested  with  old  tuberculin*  before  immunization  and  then  every  month  there¬ 
after  until  challenge. 

Blood  samples  were  collected  from  all  animals  after  immunization  and 
after  challenge  to  determine  whether  agar  gel  precipitins  or  complement¬ 
fixing  (CF)  antibodies  developed.  The  animals  were  bled  after  immunization 
was  completed  (Table  I).  Animals  surviving  challenge  were  also  bled  67 
days  and  8l  days  after  exposure.  The  techniques  used  in  the  agar  gel  pre¬ 
cipitin  and  CF  tube  tests  have  been  described  by  Ray  and  Kadull**  and 
others.10»12  Sera  were  not  pretreated  for  the  agar  gel  precipitin  test. 

For  the  CF  determinations,  sera  were  pretreated  with  complement  in  an  effort 
to  eliminate  the  anti-complementary  activity  usually  found  in  such  sera.12 

The  mean  inhaled  challenge  dose  was  260  viable  particles  (range  100  to 
680).  After  challenge,  animals  were  housed  in  individual  cages  in  a  gas- 
tight,  air-conditioned  cabinet  system.  All  animals  were  autopsied  at  death 
or  after  sacrifice.  Animals  were  sacrificed  by  injection  of  Nembutal*** 
at  the  conclusion  of  the  experiment.  Pathologic  examination  was  made  of 
all  tissues  collected  at  autopsy.  The  experiment  was  terminated  8l  days 
after  challenge . 

The  time  sequences  for  skin  tests,  immunizations,  challenge,  and  sacri¬ 
fice  are  listed  in  Table  I. 


*  Tuberculin  (Intradermic)  for  diagnosis  of  tuberculosis  in  animals. 
Fort  Dodge  Laboratories,  Inc.,  Fort  Dodge,  Iowa. 

**  Ray,  J.  G.,  Jr.,  and  Kadull,  P.  J.  "The  agar  gel  precipitation 
inhibition  technique  in  coccidioidomycosis  antibody  determination." 
To  be  published. 

***  Nembutal  (Sodium)  Veterinary,  Abbott  Laboratories,  North  Chicago, 
Ill. 
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TABLE  I.  TIME  SEQUENCE  OF  MONKEY  IMMUNIZATION  EXPERIMENT 


Day 

Procedure 

-7 

Skin  test 

0 

First  immunization 

13 

Skin  test 

15 

Second  immunization 

27 

Skin  test 

1+8 

Third  immunization 

55 

Skin  test 

71 

Blood  sampling 

73 

Challenge 

139 

Blood  sampling 

li+2 

Skin  test 

153 

Blood  sampling 

153 

Sacrifice 

III .  RESULTS 


Pre -experiment  skin-test  reactions  with  coccidioidin  and  tuberculin 
were  negative.  All  tuberculin  skin-test  results  remained  negative  for 
the  duration  of  the  experiment.  Skin -test  reactions  with  coccidioidin 
after  the  first  immunization  were  also  all  negative.  At  the  third  coc¬ 
cidioidin  skin  testing,  27  days  after  immunization  begun,  slight  indura¬ 
tion  of  less  than  5  by  5  mm  was  noted  in  three  animals  that  were  injected 
subcutaneously  with  dead  C.  immitis  arthrospores .  This  reaction  was  seen 
at  2k  hours;  no  reactions“were  seen  1+8  hours  after  testing.  In  all  other 
animals,  skin-test  reactions  were  negative.  The  fourth  skin  test,  55  days 
after  the  first  immunization,  produced  approximately  similar  results  in 


the  group  subcutaneously  immunized  with  whole  cells.  After  challenge,  all 
surviving  animals  produced  positive  indurations  upon  skin  testing.  The  in¬ 
durations  were  larger  than  5  by  5  raw  and  were  easily  seen  at  24  and  48  hours, 
except  in  one  animal  in  which  the  induration  faded  after  24  hours.  The 
aerosol-immunized,  non-challenged  animals  continued  to  show  negative  re¬ 
sponse  to  coccidioidin  throughout  the  experiment. 

Neither  agar  gel  precipitins  nor  complement-fixing  antibodies  were 
detected  in  any  of  the  animals  after  immunization  and  before  challenge.  Af¬ 
ter  challenge,  agar  gel  precipitins  and  CF  antibodies  closely  paralleled 
each  other  throughout  the  experimental  period  in  all  test  animals.  Titers 
in  both  tests  were  high  at  the  first  postchallenge  bleeding  and  tended  to 
remain  high  during  the. test  period.  The  agar  gel  precipitin  titers  for  the 
first  test  period  ranged  from  li64  to  1:512  with  a  median  at  1:512.  The 
range  at  the  second  test  period  was  1:128  to  1:1024,  but  the  median  remained 
at  1:512.  Complement-fixation  titers  generally  were  higher  than  those  for 
the  agar  gel  precipitin  test.  Titers  in  the  first  postchallenge  test  sam¬ 
ples  ranged  from  1:512  to  1:2048  with  the  median  at  1:2048.  In  the  second 
test  period,  the  range  was  1:512  to  1:8192,  but  the  median  remained  at 
1:2048.  The  aerosol-immunized,  non-challenged  control  animals  continued 
to  have  negative  titers  for  the  duration  of  the  experiment.  No  significant 
differences  were  observed  among  the  immunized  groups  in  antibody  occurrence 
or  in  CF  titers  and  disseminated  disease.  No  serologic  comparisons  were 
attempted  between  the  immunized  groups  and  the  non-immunized  control  group 
because  only  two  of  the  control  groups  survived  to  the  blood  sampling  dates. 
However,  it  was  noted  that  the  highest  CF  titer  occurred  in  a  non-lmmunized 
control  animal  (E22) ,  Both  surviving  animals  of  this  group  had  disseminated 
disease. 

In  the  non-immunized  group,  four  of  the  six  animals  died  following  chal¬ 
lenge.  Deaths  occurred  on  Day  11,  Day  35#  and  two  on  Day  54  after  challenge. 
Two  animals  of  the  aero sol -immunized  group  and  two  animals  immunized  with 
the  boivin-type  antigen  died  following  challenge.  No  death  occurred  during 
the  course  of  the  experiments  in  the  group  subcutaneously  vaccinated  with 
killed  arthrospores. 

Pathologic  examination  of  tissue  from  autopsy  revealed  pulmonary  coc¬ 
cidioidomycosis  in  all  challenged  animals,  immunized  and  non-immunized.  The 
methods  of  vaccination  did  not  seem  to  influence  the  severity  of  the  lung 
lesions  when  they  were  examined  microscopically.  There  were  no  marked  dif¬ 
ferences  among  the  immunized  and  non-immunized  groups  in  the  severity  of  the 
lung  Involvement.  The  infection  involved  both  lungs  of  all  animals.  Dis¬ 
crete  or  coalescing  nodular  lesions  were  observed  in  most  or  all  lobes  of 
both  lungs.  Hilar  lymph  nodes  were  enlarged  in  animals  in  all  challenge 
groups.  Dissemination  was  observed  in  surviving  animals  in  the  non-immunized 
group  and  in  some  animals  in  the  group  immunized  with  whole-cell  vaccine. 

No  dissemination  was  observed  in  animals  immunized  with  the  boivin-type 
fraction. 
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The  aerosol-vaccinated  unchallenged  control  animals  exhibited  no  macro¬ 
scopic  nor  microscopic  lesions  compatible  with  coccidioidomycosis. 

Table  II  summarizes  the  results  obtained  in  each  experimental  and  con¬ 
trol  group  with  reference  to  time  of  death  and  presence  of  extra -pulmonary, 
granulomatous  lesions  found  in  the  remaining  sacrificed  animals. 


TABLE  II.  RESPONSE  OF  IMMUNIZED  AND  NON -IMMUNIZED  (CONTROL)  MONKEYS 
TO  RESPIRATORY  CHALLENGE  WITH  LETHAL  DOSE  OF  AEROSOLIZED  C.  IMMITIS 


Antigen  and 
Method  of 
Administration 

Number 

of 

Animals 

Arthro- 

spore 

Dose 

Range 

Morbidity^/  and  Mortality  Response 

Per  Cent  Per  Cent  Per  Cent  < 

Infected  Deaths  '•  Disseminated!" 

Aerosol  immunization 
with  dead  C.  inmitis 
arthrospores 

6 

110-232 

100 

33 

25 

Subcutaneous 
vaccination  with 
dead  C.  immltis 

arthrospores 

6 

120-210 

100 

0 

50 

Subcutaneous 
vaccination  with 
boivin-type  fraction 

6 

294-320 

100 

33 

0 

Non-immunized 

6 

100-680 

100 

66 

100 

Aerosol-vaccinated 
with  dead  C.  immitis 
arthrospores  non- 
challenged  controls 

5 

- 

0 

0 

0 

a.  Surviving  animals  sacrificed  after  80  days. 

b.  Surviving  animals  only  considered. 
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IV.  DISCUSSION 


In  human  coccidioidomycosis,  the  coccidioidin  skin  test  and  the  precipi¬ 
tin  and  complement -fixation  reactions  are  proved  diagnostic  aids.13  Thus  far, 
however,  only  the  skin  test  has  been  found  useful  in  experimental  immunolog¬ 
ical  studies  with  C_.  immitis.  Positive  skin  reactions  have  been  elicited  in 
guinea  pigs  immunized  with  killed  cell  vaccines, M  and  there  is  some  evidence 
for  development  of  similar  skin  hypersensitivity  in  monkeys. 

Levine  and  associates7  reported  very  mild  and  modified  skin  reactions  to 
coccidioidin  in  cynomolgus  monkeys  after  immunization  with  a  killed  spherule 
vaccine  and  before  challenge  with  live  organisms.  The  reaction  consisted  of 
a  small  area  of  erythema,  ranging  from  2  by  2  mm  to  8  by  5  ran,  which  per¬ 
sisted  for  24  hours.  Induration  was  only  sporadically  present.  In  the  pres¬ 
ent  investigation,  skin  reactions  to  coccidioidin  were  observed  in  animals 
after  immunization  only  in  the  group  injected  subcutaneously  with  killed  ar- 
throspore  suspension.  The  response  was  similar  to  that  reported  by  Levine; 
a  slight  erythema  in  four  of  six  animals  and  faint  indurations  in  three  ani¬ 
mals  were  visible  at  24  but  not  at  48  hours. 

Although  the  coccidioidin  skin  test  has  proved  useful  in  experimental 
immunological  studies  with  C.  inmitis ,  the  agar  gel  precipitin  and  tube 
complement-fixation  reactions  appear  to  have  little  value.  No  agar  gel  pre- 
cipitins  or  complement -fixing  antibodies  were  detected  in  blood  of  animals 
during  or  following  Immunization,  not  even  in  the  group  that  developed  mar¬ 
ginal  skin  test  reactions.  Also,  no  quantitative  relationship  was  found 
after  challenge  of  immunized  animals  between  antibody  occurrence  and  develop¬ 
ment  of  progressive  disease. 

Immunizations  using  both  the  whole-cell  and  fractionated  cell  antigen 
and  using  both  the  subcutaneous  and  aerosol  methods  of  administration  af¬ 
forded  protection  against  lethal  disease  but  did  not  protect  against  infec¬ 
tion  with  C.  immitis.  The  best  protection  against  lethal  infection  waa  pro¬ 
vided  by  the  subcutaneously  administered  killed  whole-cell  antigen.  Some 
deaths  occurred  among  animalB  in  the  other  two  groups,  but  the  number  was 
leas  than  in  the  non-immunized  controls.  The  C.  immitis  cell -fraction  vac¬ 
cine  provided  the  best  protection  against  spread  of  infection  from  the  lungs 
and  development  of  systemic  disease.  The  present  study  also  provided  some 
evidence,  although  slight,  for  a  relationship  between  skin  hypersensitivity 
and  resistance  to  lethal  challenge.  No  deaths  occurred  among  animals  that 
developed  a  positive  skin  test  after  immunization,  but  some  deaths  occurred 
among  those  failing  to  exhibit  skin  hypersensitivity. 

Calculated  inhaled  doses  of  test  animals  ranged  from  100  to  680  viable 
particles.  The  doses  were  calculated  from  weights  of  the  respective  animals 
and  concentration  of  organisms  in  the  air  of  the  test  chamber  at  the  time  of 
animal  exposure.  Some  difference  in  dosage  was  expected,  since  all  animals 
could  not  be  exposed  at  the  same  time  and  there  was  a  gradual  decay  of 
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aerosolized  organisms  in  the  test  chamber.  The  differences  in  dosage  were 
not  considered  significant  in  this  test.  Previous  experimental  respiratory- 
infection  studies  indicated  that  the  LD50  for  monkeys  occurred  between  100 
and  600  organisms.14  Dosage  levels  in  the  thousands  of  organisms  are  required 
for  LD  values  approaching  100  per  cent. 

An  attempt  was  made  to  use  an  equal -sized  immunizing  dose  in  all  three 
test  groups.  The  entire  24-milligram  immunizing  doses  of  killed  whole  cells 
and  cell-fraction  antigens  were  delivered  by  subcutaneous  injection.  The 
delivery  of  a  24-milligram  immunizing  dose  of  dry,  dead  arthrospores  by  aero¬ 
sol  for  each  animal  was  assumed.  Palm  et  al15  reported  90  per  cent  retention 
by  monkeys  of  inhaled  particles  in  the  range  of  approximately  five  microns  in 
diameter.  It  was  expected  that  some  spores  would  be  lost  by  the  natural 
cleansing  action  of  the  respiratory  tract  in  ridding  itself  of  foreign  par¬ 
ticles.  Hie  amount  of  loss  by  this  action  was  not  known,  and  no  effort  was 
made  to  compensate  for  it. 


15 


LITERATURE  CITED 


1.  Eegroni,  P.,  and  Bonf liglioli ,  H.  "Estudios  sobre  el  Coccidloides 
immitis  Rixford  et  Gilchrist:  VII.  Reacciones  immunoalergicas  en 

la  infeccion  experimental  del  cobayo,"  Rev.  inBt.  bacteriol.  Malbran, 
14:273-286,  1949. 

2.  Vogel,  R.A. ;  Fetter,  B.F.;  Conant,  N.F.;  and  Lowe,  E.PV 1  "Preliminary 
studies  on  artificial  active  immunization  of  guinea  pigs  against  res¬ 
piratory  challenge  with  Coccidioides  immitis,"  Am.  Rev.  Tuberc.  70:498- 
503,  1954. 

3.  Friedman,  L.,  and  Smith,  C.E.  "Vaccination  of  mice  against  Coccldi- 
oides  immitis,"  Am.  Rev.  Tuberc.  74:245-248,  1956. 

4.  Friedman,  L.  "Immunological  studies  on  coccidioidomycosis,"  Proc. 

Symp.  Coccidioidomycosis,  1957.  (Public  Health  Service  Publication 
575),  pp.  95-97. 

5.  Pappagianis,  D.j  Miller,  R.L.;  Smith,  C.E.;  and  Kobayashi,  G.S.  "Re¬ 
sponse  of  monkeys  to  respiratory  challenge  following  subcutaneous  inoc¬ 
ulation  with  Coccidloides  immitis,"  Am.  Rev.  Respirat.  Diseases  82:244- 
250,  I960. 

6.  Levine,  H.B.;  Cobb,  J.M.;  and  Smith,  C.E.  "Immunity  to  coccidioidomy¬ 
cosis  induced  in  mice  by  purified  spherule ,  arthrospore  and  mycelial 
vaccines,"-  Trans.  N.  Y.  Acad.  Sci.  Series  II.  22:426-449,  i960. 

7.  Levine,  H.B.;  Miller,  R.L.;  and  Smith,  C.E.  "Influence  of  vaccination 
on  respiratory  coccidioidal  disease  in  cynomolgus  monkeys,"  J.  Immunol. 

89:242-251,  1962. 

8.  Hampson,  C.  Ross.  "Immunological  and  environmental  studies  with  Cocci¬ 
dioides  immitis,"  Thesis,  Duke  University  Graduate  School,  1956. 

9.  Laboffsky,  N.A.;  Fischer,  J.B.;  and  Hamvas,  J.J.  "Studies  on  the  anti¬ 
genic  structure  of  Histoplasma  capsulatum,"  Can.  J.  Microbiol.  3:975- 
985,  1957. 

10.  Sinski,  J.T.j  Lowe,  E.P.;  Castleberry,  M.W.;  Maire,  L.F.,  III;  Del 
Favero,  J.E.;  Pakes,  S.J.;  and  Converse,  J.L.  "Comparison  of  serologic 
reactions  in  experimental  canine  and  simian  coccidioidomycosis 
Sabouraudia  3:106-113,  1963. 

11,  Smith,  C.E.;  Whiting,  E.G.;  Baker,  E.E.;  Rosenberger,  H.G.;  Beard, 

R.R.;  and  Saito,  M.T.  "The  use  of  coccidiodin,"  Am.  Rev.  Tuberc. 
157:330-360,  1948. 


16 


12.  Wadsworth,  A.  B.  "Standard  methods  of  the  division  of  laboratories  and 
research  of  N.  J.  State  Health  Dept.,"  3rd  Ed.  Williams  and  Wilkins 
Co.,  Baltimore  Md.  1947.  pp.  365-376. 

13.  Salvin,  J.B.  "Immunologic  aspects  of  the  mycoses,"  Fortschritte  der 
Allerglelehre  (Progress  in  Allergy)  8:213-328,  1963.  S.  Karger, 

New  York,  N.Y. 

14.  Lowe,  E.  P.;  Converse,  J.L.;  Blundell,  G.P.;  and  Castleberry,  M.W. 
"Experimental  respiratory  infection  of  monkeys  with  Coccidioides 
immitis,"  Trans.  4th  Ann.  Meet.  V. A. -Armed  Forces  Coccidioidomycosis 
Cooperative  Study.  1959- 


15.  Palm,  P.E.;  McNerney,  J.M.;  and  Hatch,  T.  "Respiratory  dust  retention 
in  small  animals,"  A.M.A.  Arch.  Indust.  Health  13:355-365*  1956. 


